Background-An elevated body mass index (BMI) has been reported to be associated with a lower rate of death after acute myocardial infarction (AMI). However, waist circumference (WC) may be a better marker of cardiovascular risk than BMI. We used data from a contemporary French population-based cohort of patients with AMI to analyze the impact of WC and BMI on death rates. Methods and Results-We evaluated 2229 consecutive patients with AMI. Patients were classified according to BMI as normal, overweight, obese, and very obese (BMI Ͻ25, 25 to 29.9, 30 to 34.5, and Ͼ35 kg/m 2 , respectively) and as increased waistline (WC Ͼ88/102 cm for women/men) or normal. Half of the patients were overweight (nϭ1044), and one quarter were obese (nϭ397) or very obese (nϭ128). Increased WC was present in half of the patients (nϭ1110). Increased BMI was associated with a reduced death rate, with a 5% risk reduction for each unit increase in BMI (hazard ratio, 0.95; 95% CI, 0.93 to 0.98; PϽ0.001). In contrast, WC as a continuous variable had no impact on all-cause death (Pϭ0.20). After adjustment for baseline predictors of death, BMI was not independently predictive of death. The group of patients with high WC but low BMI had increased 1-year death rate. Conclusions-Neither BMI nor WC independently predicts death after AMI. Much of the inverse relationship between BMI and the rate of death after AMI is due to confounding by characteristics associated with survival. This study emphasizes the need to measure both BMI and WC because patients with a high WC and low BMI are at high risk of death. (Circulation. 2008;118:482-490.)
O besity is a major risk factor for the development of fatal and nonfatal cardiovascular (CV) events. 1 In patients with established CV disease, its impact on risk is less clear. Increased body mass index (BMI) is associated with a higher risk of acute myocardial infarction (AMI). 2 Several studies, however, have reported an apparent paradoxical effect of BMI on outcomes: In patients undergoing elective percutaneous coronary intervention (PCI), BMI was inversely associated with worse outcomes, with obese and overweight patients having improved survival compared with those with normal BMI. 3, 4 In patients with AMI, high BMI appears to have an unexplained protective effect on survival. [5] [6] [7] The role of increased BMI as an independent CV risk factor is controversial. 8 In patients with coronary artery disease, BMI does not adequately discriminate between body fat and lean body mass and may thus help to explain the controversy known as the obesity paradox. 9 Abdominal obesity, which reflects central body fat distribution, has been suggested as a better marker of the obesity risk. 10 
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Waist circumference (WC) is an anthropometric index usually considered a surrogate marker of abdominal fat mass (subcutaneous and intraabdominal). 11 High WC values are associated with CV complications, with a predictive value superior to that of BMI. 12, 13 Despite the high prevalence of abdominal obesity in patients admitted with AMI, 14 there is a paucity of data on its impact on prognosis after the acute event.
Whether increased waistline is involved in the obesity paradox remains to be determined. Thus, from a contemporary prospective study of unselected consecutive patients, we compared the prognostic impact of obesity, assessed by both BMI and WC, on short-and intermediate-term mortality after AMI.
Methods

Patients
The design and methods of the Observatoire des Infarctus de Côte d'Or (RICO) Survey have been published. 14 Patients presenting with diagnosed AMI 15 were included in the present study (see the online Data Supplement). The present study complied with the Declaration of Helsinki and was approved by the ethics committee of University Hospital of Dijon. Each patient gave written consent before participation.
Data Collection
Data on demographics, CV risk factors (history of hypertension, diabetes, treated hyperlipidemia, current smoking), and prior myocardial infarction were collected prospectively, along with admission characteristics and hemodynamic parameters. Blood samples were drawn at admission. Plasma creatinine levels were measured on a Vitros 950 analyzer (Ortho Clinical Diagnostics, Rochester, NY). High-sensitivity C-reactive protein was measured on Dimension Xpand (Dade Behring, Newark, Neb) with an immunonephelometry assay. Plasma N-terminal pro B-type natriuretic peptide (NT-proBNP) was determined by ELISA with an Elecsys NT-proBNP sandwich immunoassay on Elecsys 2010 (Roche Diagnostics, Basel, Switzerland). Overnight fasting blood samples were collected on the morning after admission for blood lipid measurements. High-density lipoprotein cholesterol and triglyceride concentrations were measured on a Dimension analyzer (Dade Behring). The level of low-density lipoprotein cholesterol was calculated from the Friedewald formula.
Echocardiography was performed at day 3Ϯ1 by a local investigator according to the Simpson method using the apical views to calculate left ventricular ejection fraction (LVEF). Data on acute (Ͻ24 hour) reperfusion procedures (thrombolysis or PCI) were collected. Heart failure, defined as rales over more than half of the lung field (Killip class II), pulmonary edema (Killip class III), or cardiogenic shock (Killip class IV), was evaluated on admission. Duration of hospital stay in the coronary care unit also was collected. After hospital discharge, 30-day or 1-year information was acquired by contacting either each patient individually, their relatives, or treating physician and by reviewing the hospital records if the patient had been rehospitalized. No patient was lost to follow-up (see the Data Supplement).
Group Definition
Anthropometric parameters were measured within 48 hours of admission. BMI was categorized according to the World Health Organization 16 standards as normal (Ͻ25 kg/m 2 ), overweight (25 to 29.9 kg/m 2 ), obese (30 to 34.9 kg/m 2 ), and very obese (Ն35 kg/m 2 ). WC was measured with a nonelastic tape at the mid distance between the top of the iliac crest and the bottom of the rib cage and as the average of 1 measurement taken after inspiration and 1 taken after expiration. Increased WC was defined using the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP) cutoff of WC Ͼ102 cm in men and Ͼ88 cm in women. 17, 18 Data for both BMI and WC were split into sex-specific tertiles for analysis.
Statistical Analysis
Data are presented as median (25th to 75th percentile) or meanϮSD as appropriate or as proportion. For continuous variables, a Kolmogorov-Smirnov analysis was performed to test for normality. For the tests across tertiles, we performed the Kruskal-Wallis 1-way ANOVA by rank for nonnormally distributed values or 1-way ANOVA for normally distributed values. Qualitative variables, expressed as numbers and percents, were compared by the 2 test for trends. Spearman's rank correlation was applied to test for associations between continuous variables. The cumulative incidence of all-cause death was estimated according to the Kaplan-Meier method, and the log-rank test was used to evaluate differences between groups. Cox regression analysis was performed to determine the effects of WC or BMI as continuous variables on the rate of death in unadjusted models (models 1 and 2, respectively). BMI was then tested by multivariate analysis. Age, sex (female as reference), and NT-proBNP were individually tested as covariates given the strong correlation between BMI and age or NT-proBNP and because age and NT-proBNP are major contributors to prognosis after MI. The other variables tested in univariate analysis were those known to potentially affect the outcome after MI and variables showing a variation according to BMI tertiles. Overall, the variables tested were the following: age, female gender, diabetes, hypertension, dyslipidemia, smoking, prior MI, acute therapies (statin, ␤-blockers, angiotensin-converting enzyme inhibitors), biological parameters (NT-proBNP, C-reactive protein, creatinine, high-density lipoprotein cholesterol, and triglycerides), Killip class ϾI, STelevation myocardial infarction (STEMI), and LVEF. Among these, age, sex, NT-proBNP, acute therapy, Killip class ϾI, prior MI, hypertension, diabetes, hyperlipidemia, smoking, C-reactive protein, STEMI, LVEF, and creatinine were predictors of prognosis and therefore were included as covariates in multivariate analysis. Because smoking is a potential confounder of the relationship between BMI and the outcome, its interaction was tested in univariate analysis and introduced as a covariate in multivariate analysis. Linearity of the continuous variables with respect to the response variable was assessed by determining the quartile of their distribution. Subsequently, hazard ratios (HRs) for each quartile were calculated. All variables showed a linear trend in the estimated HRs and thus were introduced into the model as continuous. The proportional-hazards assumption in the Cox models was assessed with graphical methods (log-log plots) and with models including time-by-covariate interactions. No violations of the proportionalhazards assumption were identified. Statistical analyses were performed with SPSS software (SPSS, Inc, Chicago, Ill).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Study Population
A total of 2229 patients were included in the study. Fewer than one third (nϭ660) had a normal BMI; half of the patients were overweight (46.8%, nϭ1044); and one quarter were obese (nϭ397) or very obese (nϭ128). Half of the patients (49.8%, nϭ1110) had increased WCs.
The patients' characteristics are summarized in Table 1 for  women and Table 2 for men. Time to admission, MI location, and LVEF were similar across BMI subgroups for both sexes. In elevated WC tertiles, heart failure as assessed by Killip class on admission was more frequent in men. For both sexes, elevated systolic blood pressure was found across the BMI or WC tertiles. In men, acute PCI was used less frequently in the high BMI groups, whereas statins and angiotensin-converting enzyme inhibitors were prescribed more frequently. C-reactive protein, creatinine, and triglyceride levels markedly increased with elevated WC, whereas high-density lipoprotein cholesterol decreased. In women, NT-proBNP levels showed no significant changes across anthropometric categories, whereas in men, the propeptide levels were reduced across BMI tertiles.
BMI as a continuous variable was inversely correlated with age and NT-proBNP (rϭϪ0. 13 Sex-specific death rates were reported in an additional table in the Data Supplement. The rate of death at 1 year was significantly reduced in men with increasing BMI tertiles (Pϭ0.016). No significant variation in the rate of death was found across WC tertiles for both sexes. These findings were confirmed by Kaplan-Meier analysis of cumulative survival curves. Death rates across BMI tertiles were not significant in Figure 1A ) (Pϭ0.158). In men, a lower death rate was observed with increasing BMI tertiles (log-rank Pϭ0.019) ( Figure 1B) . No increased risk was found across WC tertiles in either women (Figure 2A ) (Pϭ0.321) or men ( Figure 2B ) (Pϭ0.547). When analyzed as a continuous variable, BMI also was significantly associated with death, with a 5% reduction in the risk of death for each unit increase in BMI (HR, 0.95; 95% CI, 0.93 to 0.98; PϽ0.001) (Figure 3 , model 2). In contrast, WC as a continuous variable had no impact on all-cause death in the whole study population (HR, 1.00; 95% CI, 1.00 to 1.01; Pϭ0.20) (Figure 3 , model 1), men alone (HR, 1.00; 95% CI, 1.00 to 1.01; Pϭ0.20), or women alone (HR, 1.01; 95% CI, 1.00 to 1.02; Pϭ0.11). Multivariate analysis showed that when age (model 3), sex (model 4), NT-proBNP (model 5), or covariates that had a significant impact on outcomes (model 6) were added to the models, BMI was not an independent predictor of outcome (Figure 3) , Moreover, no significant interaction between C-reactive pro- Stratification of death rates according to both BMI and WC tertiles showed that for both sexes, a high WC is associated with increased rate of death in the 2 lowest BMI tertiles, which identified a subgroup of high-risk patients ( Figure 4A and 4B). In male subjects, a high WC but low BMI is observed in almost one quarter of patients (2 of 9) and is associated with a high death rate (almost 1 in 5) ( Figure 4B ). To further investigate the capacity of BMI to predict death independently of WC, we performed a subgroup analysis on 832 waist-matched patients comparing the outcome of low BMI (nϭ416) and high BMI (nϭ416). 
group (91 [22%] versus 55 [13%], respectively; Pϭ0.001).
Analysis of this subgroup of patients matched for WC confirmed that for the same WC, BMI was still relevant to discriminate patients at high risk.
Discussion
In the present study, based on a large, unselected cohort of AMI patients, neither BMI nor WC independently predicted death after acute MI. Much of the apparent obesity paradox (the inverse relationship between BMI and death after MI) is related to confounding by differences in baseline characteristics that predict survival after MI. Moreover, we identified a group of high-risk patients, ie, those with a high WC and a low BMI, compared with patients with both high WC and BMI values.
BMI-Based Obesity
In this contemporary, population-based French registry of patients with AMI, the prevalence of overweight and obesity was very high (70%), reflecting the epidemic nature of obesity in Western Europe. This finding underlines the importance of obesity as a CV risk factor and underscores the need to improve our understanding of the relationship between excess weight and CV outcomes. We found a marked association between increasing BMI and younger age in men that was even stronger in women. This association, which illustrates the premature occurrence of AMI, has been reported in previous studies. 5-7,19 -21 In accordance with our results, an inverse independent relationship between NTproBNP and lean mass, rather than fat mass, has been demonstrated in the Framingham Heart Study and the Dallas Heart Study. 22, 23 The mechanisms linking low natriuretic peptide levels and obesity remain to be elucidated but probably involve decreased release of natriuretic peptides from the heart rather than increased clearance. 23 Excess weight was associated with an elevated incidence of the obesity-associated CV risk factors of hypertension, diabetes, and dyslipidemia, also consistent with a high-risk profile.
Rates of primary PCI were decreased in higher BMI categories, a finding that differs from the results of a randomized trial showing a more aggressive use of PCI in patients with higher BMI. 20 The use of acute medications was similar across the BMI subgroups, except for statins and angiotensin-converting enzyme inhibitors, which were prescribed more often in patients with a high BMI, a group with a higher prevalence of dyslipidemia at baseline.
Obesity Paradox
An apparent protective effect of high BMI on mortality has been found in randomized trials of patients with unstable angina and non-STEMI, 5,7 STEMI, 6, 19, 21 or both. 20 In contrast, our data, from a registry study of unselected patients, showed that after adjustment, BMI was not a prognostic factor after myocardial infarction, a finding that is consistent with registry-based studies in AMI. 19, 20 A recent study in patients with non-STEMI found that obesity was significantly, albeit weakly, correlated with improved outcomes after adjustment for confounding prognostic factors (Pϭ0.036). 5 The major impact of younger age in the apparent protection conferred by obesity also has been reported in most recent studies. 6, 19, 21 Moreover, young age may drive an increased use of medications and procedures, a factor that may have a favorable impact on outcomes. Interesting data from the Mayo Clinic registry on MI patients Ͻ80 years of age included between 1998 and 2001 suggested that the obesity paradox, which is present in the short term, disappears in the long term. 19 In our study, no data were available on in-hospital death rates because only a 30-day follow-up was performed. However, the data at 30 days, although not significant (Pϭ0.096), showed the same trend as the 1-year follow-up, ie, a decrease in the rate of death with increasing BMI. Our findings are confirmed by major contemporary studies in acute coronary syndromes that address the differential impact of BMI-based obesity at the acute phase (ie, in hospital) versus midterm (ie, 6 months) or 1 year. 6, 7, 21 These studies found the same trend of obesity whatever the time delay of follow-up. Overall, these data strongly suggest that the apparent obesity paradox is already present at the early phase of an acute MI. In acute MI, the level of NT-proBNP, an indicator of the hemodynamic severity of MI, as well as systolic and/or diastolic dysfunction, peaks at the time of admission and is considered one of the most powerful predictors of death. 24 -26 Low proBNP levels in patients with high BMI, with a pattern similar to that of heart failure, may therefore participate in the more favorable outcome reported in the present study. 27 Surprisingly, low propeptide levels, similar time to admission, and LVEF were not associated with lower hemodynamic severity in patients with high BMI. These findings suggest that hemodynamic severity and left ventricular dysfunction may not be the only major contributors of admission propeptide levels in patients with a high BMI.
WC-Based Obesity
WC is a surrogate measure of abdominal fat, with which it has been strongly correlated by computed tomography or magnetic resonance imaging. 28 High WC, as a component of metabolic syndrome and insulin resistance-related disorders, is associated with CV death. 29 In healthy subjects, WC is a better predictor of acute coronary events than BMI. 30 Paradoxically, few studies have analyzed abdominal obesity in the setting of AMI. We found that an elevated WC (as defined by the NCEP ATP III threshold) was very frequent in patients with AMI because it is present in half of the patients. In patients with CV disease, a high prevalence of abdominal obesity also was reported. 31 One of the major findings of our study is that, in contrast to the strong negative relationship observed between BMI and age, WC was poorly but positively correlated with age. These findings suggest a weaker impact of WC as a risk factor for AMI than BMI. CV risk has been shown to derive more from abdominal obesity-associated risk factors (high blood pressure, diabetes, and dyslipidemia) than from abdominal obesity per se. 30 Moreover, recent findings from the Dallas Heart Study suggested that WC was not independently associated with prevalent atherosclerosis after adjustment for standard risk factors. 32 No significant increased risk in intermediate-term death was associated with WC. These findings extend our previous results that showed that NCEP ATP III-defined elevated WC was not an independent predictor of in-hospital outcomes. 14 They also extend to acute MI recent findings showing no increased WC-associated risk for coronary artery disease in men and women with prevalent disease. 33 However, further larger prospective studies in acute MI are needed to confirm these trends. In men, a lower BMI at a given waist girth has been suggested to be associated with higher levels of visceral adipose tissue. 13 In the present study, a strikingly worse outcome was observed in patients with high WC but normal BMI, which presumably reflects the presence of visceral obesity with low muscle mass and a lack of functional subcutaneous adipose tissue. The identification of such highrisk subgroups has potential major clinical implications and may warrant more aggressive lifestyle and therapeutic interventions for secondary prevention after AMI.
Study Limitations
In the present study, the same kinds of tape measure and scales were used to assess WC and BMI at all of the centers-either public or privately-funded hospitals-participating in the RICO Survey and throughout the inclusion period. Anthropometric measurements were carried out by nurses trained in measuring WC using a standardized procedure for all the centers. However, we cannot exclude the possibility that the impact of WC and BMI might have been blurred by differences in measurement techniques at the different sites. No data were available on the angiographic features of the study population, a variable known to influence outcome after MI. However, in patients with AMI, the angiographic extent of coronary artery disease was found to be similar across obesity categories, suggesting that it may similarly affect prognosis in all of the groups. 5, 7, 19, 21 Moreover, although BMI-and WC-based obesity classifications were unable to independently predict 1-year death rates, we cannot exclude the possibility that obesity may affect the very long-term follow-up because obesity may have a delayed influence on the progression of coronary artery disease. After elective PCI, 3,4,34 a U-shaped relation between BMI and the post-PCI risk of death also has been reported, with the lowest risk observed in class I and II obesity and the highest risk in extreme groups, ie, very lean (BMI Ͻ18.5 kg/m 2 ) and very severely obese (BMI Ͼ40 kg/m 2 ) individuals. However, in the present work, the analysis of the extreme groups was limited by the small number of subjects. Our study enrolled almost exclusively white patients, and it has been suggested that thresholds for defining obesity correlated to CV risk in Asian patients may differ from those in white patients (French law prohibits collecting race or ethnicity-related information). Finally, our study is limited to patients arriving at the hospital alive and able to provide consent and undergo anthropometric measurements. Patients who die in the prehospital setting and those with an extremely severe clinical status on arrival may differ from the "average survivor of the early phase" studied here.
Conclusions
The present study underscores the high prevalence of increased BMI and WC in AMI patients, present in one quarter and one half of the patients, respectively. Until the epidemic progression of obesity is confronted, cardiologists will be faced with a growing prevalence of obesity in patients with AMI. Given this high prevalence, the characterization of CV risk associated with obesity after the index event is of importance. We found that much of the apparent obesity paradox can be explained by confounding. Our findings also emphasize the need to measure both BMI and WC for risk stratification after MI and suggest the importance of managing high WC-related modifiable risk factors in secondary prevention, particularly in patients with high WC but without overall obesity. Our results strongly suggest that after MI, neither WC nor BMI has an independent impact on death, taking into account traditional risk factors and other confounding variables. These results appear robust regardless of the type of adjustment. However, as in any observational study, residual confounding cannot be excluded, and these results should be confirmed by large, independent, prospective studies.
